National Aeronautics and Space AQministration

NASA TECHNOLOGY
TRANSFER PROGRAM

BRINGING NASA TECHNOLOGY DOWN TO EARTH

How to Leverage NASA T.echpology . © 3
to Benefit Your Ideas ' '

NASA Ames Technology Transferd@ffice
6/8/2022
NASA Ames Research Center

www.nasa.gov



NASA TECHNOLOGY
TRANSFER PROGRAM

NASA Ames ¥
Research Center

Johnson _
Space P snter.< . . ©pa3
Center Senter




4

NASA's Technology Transfer Program %;@ NASATECHNOLOGY
Since it’s inception over 50 years ago, NASA's Technology Transfer Program
ensures that innovations developed for exploration and discovery are broadly

available to the public, maximizing the benefit to the Nation.

Whether you're looking to start a new company, enhance an existing product, or create a new
product line, you can gain a competitive edge in the marketplace by putting NASA technology
to work for you. (reducing time to market, vetting proven tech, etc.,)

Why should a company license NASA technology? A NASA license also allows access to a
technology for testing, and to implement it into a system, service, or product that could result in
sales. The Ames Technology Transfer Office cares about success of commercial businesses,
and the negotiation of terms is done on a case-by-case basis.
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Mineral Analyzer Shakes Answers
Out of Soil and Rocks

Anti-lcing Formulas Prevent Train Delays
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Search for a technology in the search bar using descriptive “<&
Portfolio keywords, or simply click on the NASA Patent Portfolio.

& 5 C & technology.nasagov

}ﬁiﬁ;ﬁgg 'p",? L%Sy'-v Patent Portfolio Software Catalog Spinoff Contact Resources = LogIn

Bringing NASA Technology Down to Earth 2022 technology.nasa.gov 5



Patent
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EXPLORE OUR TECHNOLOGY

Agencywide v
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Categories

Communications Electrical Environment Medicine / Biotech Mechanical / Fluid Systems

Browse 15 category areas
of licensable technologies.
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Aerospace Instrumentation Manufacturing Materials / Coatings
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IT / Software Power Generation Propulsion Robotics
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Patent Portfolio... NASA TECHNOLOGY
Have questions about the technology? Click the link to contact us.

Questions?

Real Time Radiation Monitoring Using Nanotechnology Apply o License

Carbon nanotube chemical sensors - -

Applications

Petrochemical industry
Nuclear industry

Industrial and civil applications

Overview « Defense applications
« Medical / Biomedical
NASA has patented a unigue chemical sensor array leveraging * Spacecraft
nanostructures for monitoring the concentration of chemical species or gas
molecules which is not damaged when exposed to protons and other high
energy particles over time. The nanotechnology-enabled chemical sensor
array uses single walled carbon nanotubes and metal catalyst-doped single Technology Details
walled carbon nanotubes (SWCNTs) and polymer-coated SWCNTs as the
sensing media between a pair of interdigitated electrodes (IDE). By Category Patent(s)
measuring the conductivity change of the SWCNT device, the concentration instrumentation 9,297,907
of the chemical species or gas molecules can be measured. These sensors Reference Number
have high sensitivity, low power requirements, and are robust and have a TOP2-236
low manufacturing cost compared to other commercial chemical sensors for Case Number(s)
detection of trace amount of chemicals in gasses and liquids. ARC-16001-1
Tags:  aerospace chemical plants composite materials gas sensors industrial manufacturing materials medical

The Technology TS

military natural gas nuclear security SEensors

Carbon nanotube chemical sensors are suitable for sensing different
analytes. Such sensors can be configured in the form of an array to

comprehensively and cost-effectively monitor multiple analytes. A 32-sensor co MMM
array on a silicon chip was tested under the proton exposure at two energy

cMm

levels, with three different fluences. The result of the proton irradiation
experiment indicates that this SWCNT device is sensilive to the proton

exposure at different levels and it recovers upon turning off the incident Benefits up to date, follow NASA's Technology Transfer Program on:

radiation. Carbon nanotube-based sensors are particularly suitable and

High sensitivity
Capable of proton radiation detection
Tunable sensing properties through manipulation of
power requirements and are versatile and ultra-miniature in size, with nanostructured materials for selectivity
Small size and lightweight
Reliable sensor performance from chip to chip
High yield and scalable sensors with a low cost for mass
measurements, and Lo greater convenience and flexibility in performing production
wer power consumption which is ideal for wireless monitoring
Capability of built-in intelligence onto the sensor chip
Simple electronic design for easy measurement and integration

promising for chemical and radiation detection, because the technology can

be used to fabricate gas or liguid chemical sensors that have extremely low

added cosl benefits. Low-power carbon nanotube sensors facilitate

distributed or wireless gas sensing, leading to efficient multi-point

measurements in space as well as on Earth -



Patent Portfolio...

To download a printable fact sheet, click on downloadable PDF.

Real Time Radiation Monitoring Using Nanotechnology

Carbon nanotube chemical sensors

Overview

NASA has patented a unigue chemical sensor array leveraging
nanostructures for monitoring the concentration of chemical species or gas
molecules which is not damaged when exposed to protons and other high
energy particles over time. The nanotechnology-enabled chemical sensor
array uses single walled carbon nanotubes and metal catalyst-doped single
walled carbon nanotubes (SWCNTs) and polymer-coated SWCNTs as the
sensing media between a pair of interdigitated electrodes (IDE). By
measuring the conductivity change of the SWCNT device, the concentration
of the chemical species or gas molecules can be measured. These sensors
have high sensitivity, low power requirements, and are robust and have a
low manufacturing cost compared to other commercial chemical sensors for

detection of trace amount of chemicals in gasses and liquids.

The Technology

Carbon nanotube chemical sensors are suitable for sensing different
analytes. Such sensors can be configured in the form of an array to
comprehensively and cost-effectively monitor multiple analytes. A 32-sensor
array on a silicon chip was tested under the proton exposure at two energy
levels, with three different fluences. The result of the proton irradiation
experiment indicates that this SWCNT device is sensilive to the proton
exposure at different levels and it recovers upon turning off the incident
radiation. Carbon nanotube-based sensors are particularly suitable and
promising for chemical and radiation detection, because the technology can
be used to fabricate gas or liguid chemical sensors that have extremely low
power requirements and are versatile and ultra-miniature in size, with
added cosl benefits. Low-power carbon nanotube sensors facilitate
distributed or wireless gas sensing, leading to efficient multi-point
measurements, and 1o greater convenience and flexibility in performing
measurements in space as well as on Earth

Questions?

Apply to License

QLTINS
ll 5

cMm

Benedits
High sensitivity
Capable of proton radiation detection
Tunable sensing properties through manipulation of
nanostructured materials for selectivity
Small size and lightweight
Reliable sensor performance from chip to chip
High yield and scalable sensors with a low cost for mass
production
wer power consumption which is ideal for wireless monitoring
Capability of built-in intelligence onto the sensor chip
Simple electronic design for easy measurement and integration
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Applications

Petrochemical industry
Nuclear industry

Industrial and civil applications
Defense applications

Medical / Biomedical
Spacecraft

| Download Fact Sheat as a PDF |

Technology Details

Category Patent(s)
instrumentation 9,297,907
Reference Number
TOP2-236
Case Number(s)

ARC-16001-1

Tags:  aerospace chemical plants compasite materials gas sensors industrial manufacturing materials medical

military natural gas nuclear security SEensors

up io date, follow NASA's Technology Transfer Program on:

Join our Newsletter
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Very Important! — Patent Claims TRANSFER PROGRAM

Questions?

Real Time Radiation Monitoring Using Nanotechnology Apply o License

Patent number hyperlinks to USPTO site.

Carbon nanotube chemical sensors - -

Applications

Petrochemical industry
Nuclear industry

Industrial and civil applications
Defense applications

Medical / Biomedical
Spacecraft

Overview

NASA has patented a unigue chemical sensor array leveraging
nanostructures for monitoring the concentration of chemical species or gas

wiload Fact Sheet as a PDF

Technology Details

molecules which is not damaged when exposed to protons and other high
energy particles over time. The nanotechnology-enabled chemical sensor
array uses single walled carbon nanotubes and metal catalyst-doped single
walled carbon nanotubes (SWCNTs) and polymer-coated SWCNTs as the
sensing media between a pair of interdigitated electrodes (IDE). By
measuring the conductivity change of the SWCNT device, the concentration
of the chemical species or gas molecules can be measured. These sensors

Category Patent(s)
instrumentation

Reference Number

have high sensitivity, low power requirements, and are robust and have a

TOP2-236
low manufacturing cost compared to other commercial chemical sensors for Case Number(s)
detection of trace amount of chemicals in gasses and liquids. ARC-16001-1
Tags:  aerospace chemical plants compasite materials gas sensors industrial manufacturing materials medical

The Technology TS

military natural gas nuclear security SEensors

Carbon nanotube chemical sensors are suitable for sensing different
analytes. Such sensors can be configured in the form of an array to

comprehensively and cost-effectively monitor multiple analytes. A 32-sensor co MMM
array on a silicon chip was tested under the proton exposure at two energy

cMm

levels, with three different fluences. The result of the proton irradiation
experiment indicates that this SWCNT device is sensilive to the proton

exposure at different levels and it recovers upon turning off the incident Benefits up to date, follow NASA's Technology Transfer Program on:

radiation. Carbon nanotube-based sensors are particularly suitable and

High sensitivity
Capable of proton radiation detection
Tunable sensing properties through manipulation of
power requirements and are versatile and ultra-miniature in size, with nanostructured materials for selectivity
Small size and lightweight
Reliable sensor performance from chip to chip
High yield and scalable sensors with a low cost for mass
measurements, and Lo greater convenience and flexibility in performing production
wer power consumption which is ideal for wireless monitoring
Capability of built-in intelligence onto the sensor chip
Simple electronic design for easy measurement and integration

promising for chemical and radiation detection, because the technology can

be used to fabricate gas or liguid chemical sensors that have extremely low

added cosl benefits. Low-power carbon nanotube sensors facilitate

distributed or wireless gas sensing, leading to efficient multi-point

measurements in space as well as on Earth -
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Patent Claims and Description TRANSFER PROGRAM

USPTO PATENT FULL-TEXT AND IMAGE DATABASE

(oo | ousk Jatuanced] potoum s | It’s important to review patent
information and all claims to be
sure the technology meet your

(lafl)
needs.
United States Patent | 9,297,907 I
Li, etal March 29, 2016
I Claims I
Real time radiation monitoring using nanotechnology | Desrpion |
‘What is claimed is: g
Abstract 1. A method for real time monitoring of radiation received, the method comprising: providing an array of at least two spaced. apﬂﬂ FIELD OF THE INVENTION
nanostructures (NSs) that each extend between and electrically connect first and second terminals of an electrical ps
value sensing mechanism, to form a closed electrical path, where the sensing mechanism senses a change value DELTA EPV e
P - : : . - e oel : . selected electrical property value EPV associated with the at least two nanostructures; pnmdmg the at least two NS with a BACKGROUND OF THE INVENTION
Swstem and method for monitoring receipt and estimating flux value, in real time, of incident radiation, using two or more PR e e foptiinemir
i i i 1 DELTA EPV in the electrical property value; providing or measuring at least one ‘nmn.l electrical parameter value EPVO for the 2 (e2 y ions, Xorays, gamma rays, electrons, protons and/or neutrons)
nanostructures (NSs) and a5§ucmted tammals to pronde closed Flectrlcal paths and to measure one or more electrical property O S A I s AV SN TN ol on e e ol "
change values DELTA EPV, associated with irradiated NSs, during a sequence of irradiation time intervals. Effects of irradiation, radiation from a source particles having a particle flux phi. and . e o oflone ) fhsriy
B - . N R energy E; measuring change values, DELTA EPV(t0:t1) and DELTA EPV(10:12), in the electrical property value EP\ for acceptable promety i v
without healing and with healing. of the NSs. are separately modeled for first order and second order healing. Change values measuement e nevals, e oreg 1| and 0 oreq Horeq2, within elcted tme neral ©orc Horea3 with
N L - 10.Itoreq 1112 ltoreq 13, for the closed electrical path, as a result of exposure of the at least two NSs to the .
_DELTA EPV are related to flux, to cumulative dose recerved by NSs. and to radiation and healing effectivity parameters and/or estimating a change value difference value DELTA EPV(t1:12)=DELTA. Ep\'(.gld), DELTA EPV(10:11): providing a first y i ated Preferably,
: h : : - - . correspondence or mapping that relates at least one of a dose PHI (t1:12:cum) and the particle flux phi. to a time rate of change ty or of the dose. Preferably
.mu.. associated with the NS material and to the flux. Flux and/or dose are estimated in real time. based on EPV change values. iy et cton o S (O<Ro e ) o e st v NSs i e e st o e o ihout physical change of the radiation 1et substances
using measured DELTA EPV values. Threshold dose for specified changes of biological origin (usually undesired) can be time interval, tl foreq t toreq 12, in a pre-heal time interval, where healing of the NS SUMMARY OF THE INVENTION
HES - . v has notset begun, where 0 1 an il scne and unaf); providing a second or mapping that relates
estimated. Effects of time-dependent radiation flux are analvzed in pre-healing and healing regimes. the at least one EPV change value DELTA EPV(t1:12) to a first fractional change value, DELTA f(t1 h

cd: by the X . some
£tL:unad); and combining the first and second correspondences to relate dose or cumulative radiation received PHL (t1:t2:cum) cffects on single wall or multi-wall carbon nanotubes ("SWCNTS” or "MWCNTS") immediately afes iradiation of the SWCNTs
by the at least two NS s in the time interval t] toreq t ltoreq 12, where healing has ot yet begun, to the at least one ith high 1 2 A of!

DELTA EPV(t1:12), whereby, when healing has not yet begun. an dedata | develop

. . p— . - . time no more than about 10-30 seconds after the change values, DELTA EPV(10:t1) and DELTA EPV(10:12) are completed. .
Inventors: Li; Jing (San Jose. CA), Wilkins; Richard T. (College Station. TX), Hanratty; James J. (San Francisco. CA), I T e 1D atone, e oMV e i My ot
. 2. The method of claim 1, further comprising choosing said second mapping to be of the form DELTA EPV(t1: etaltetal (hydrogen ion) beam. The SWCNTS, unloaded, doped etal cataly with selected pols y f
Lu; Yijiang (San Jose. CA) DELTA f{t1,12;unaf), where cta.1 and .eta.2 are real coefficients that can be estimated from one or both of said e oo sy inndigtated encttodes (IDEL. commced oy an s of o of mre SWCNTeto.
Ii t DELTA EPV(10;t]) and DELTA EPV(10;12). it
- = - passe: SWC\T he he d
Applicant: Name City  State Country Type Fediton By messuing shange of ecrcal conductin or noher “aie - DELTAEPV- veNT

3. The method of claim 1, further comprising drawing said radiation particle source from a group of radiation sources consisting
of a proton source, a neutron source, an ion source, a molecular beam source, an electron beam source, an ultraviolet source, and

Xoay poracscs igh snsiivsy, low powe,robutncs, an
an X-ray source. suitable for detection of race amounts of incident radiation.

ced. For a paricular on beam, the cumulatise dos canthen be detemined. This sensosaray

which is

The United States of America as Represented by the Administrator of
NASA
The United States of America as Represented by the Administrator of the National Aeronautics & Space
Administration (NASA) (Washington. DC)

Family ID: 55537429

Appl. No.:  14/205,003
Filed: March 11, 2014

Washington DC us 4. The method of claim 1, further comprising selecting said coating to comprise at least one of Au, ZnO, a sulfonated polymer,
and bydroxypropyl ccllulose.

Assignee:




Applying for a License

https://technology.nasa.gov/license
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NASA's Technology, Transfer Program

NASA TECHNOLOGY
TRANSFEFI PROGRAM

Click “Apply Now To License This Technology!”

Real Time Radiation Monitoring Using Nanotechnology

Carbon nanotube chemical sensors

Overview

NASA has patented a unique chemical sensor array leveraging
nanostructures for monitoring the concentration of chemical species or gas
molecules which is not damaged when exposed (o protons and other high
energy particles over time. The nanotechnology-enabled chemical sensor
array uses single walled carbon nanotubes and metal catalyst-doped single
walled carbon nanotubes (SWCNTs) and polymer-coated SWCNTs as the
sensing media between a pair of interdigitated electrodes (IDE). By
measuring the conductivity change of the SWCNT device, the concentration
of the chemical species or gas molecules can be measured. These sensors
have high sensitivity, low power requirements, and are robust and have a
low manufacturing cost compared to other commercial chemical sensors for

detection of trace amount of chemicals in gasses and liquids.

The Technology

‘Carbon nanotube chemical sensors are suitable for sensing different
analytes. Such sensors can be configured in the form of an array to
comprehensively and cost-effectively monitor multiple analytes. A 32-sensor
array on a silicon chip was tested under the proton exposure at two energy
levels, with three different fluences. The result of the proton irradiation
experiment indicates that this SWCNT device is sensilive to the proton
exposure at different levels and it recovers upon turning off the incident
radiation. Carbon nanotube-based sensors are particularly suitable and
promising for chemical and radiation detection, because the technology can
be used to fabricate gas or liquid chemical sensors that have extremely low
power requirements and are versatile and ultra-miniature in size, with
added cost benefits. Low-power carbon nanotube sensors facilitate
distributed or wireless gas sensing, leading to efficient multi-point
measurements, and Lo greater convenience and flexibility in performing
measurements in space as well as on Earth.

Questions?

Apply to License

AT
T
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Benefits

High sensitivity
Capable of preton radiation detection
Tunable sensing propertes through manipulation of

nanostructured materials for sefe
Small size and lightweight
Reliable sensor performance from chip to chip

High yield and scalable sensors with a low cost for mass
production

Lower power consumption which is ideal less monitoring
Capability of built-in intelligence onto the sensor chip

Simple electronic design for easy measurement and integration
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License Agreement Types

Evaluation

NASA offers an "Evaluation License" option that will allow you short-term permission
to explore the potential of a technology and learn if it will fit into your business
development goals. An evaluation license is also required if you intend to enter into
an agreement to have NASA conduct testing on the technology on your behalf. (no
cost eval license is available if you’re using tech for SBIR)

Start Up

By offering a license with no up-front costs for commercial use of our patented
technologies, we're letting companies hold onto their cash while securing the
intellectual property needed to carve out competitive market space. (Requires a full
business plan...)

Commercial

NASA offers a "Standard Commercial License" for companies to make and sell
products using NASA's patented technologies. While NASA offers standard licensing
templates, each can be negotiated on a case-by-case basis. (requires a full biz plan -
need to know that you understand the technology)

Bringing NASA Technology Down to Earth 2022 technology.nasa.gov

12



NASA Software Catalog

Release Types

FREE software available: .

Government Purpose * Open Source
https://software.nasa.gov/ = General Purpose https://code.nasa.gov/

U.S. Only

U.S. and Foreign *All, but Open Source require a Software Usage
Publi Agreement (SUA); apply for free, online.
ublic

£ ) NASATECHNOLOGY Patent Software Spinoff Contact Resources ~ Log
40 TRANSFER PROGRAM Portfalio Catalog In Q

A SOFTWARE CATALOG

NASA's Software Catalog offers hundreds of new software programs you can download for free to . I I I
use in a wide variety of technical applications. View all & I

Categories Business Systems
Aeronautics e and Project

Srstorms Management

Crew and Life Data and Image
Support Processing

RECENTLY RELEASED SOFTWARE

h Mixed Reality Engineering Toolkit (MRET)

= -
Data Servers
Processing and
Handling

Design and Electronics and Environmental Materials and

Integration Tools Electrical Power Science Processes Operations

Create Augmented Reality (AR)/Virtual Reality (VR) tools for integrating spacecraft designs and real-time mission
telemetry for multiple domains over a mission lifecycle: Pre-phase A concept design Hardware integration & test

ESESSS S 4 S o) (=)

v
Propulsion

Structures and System Testi Vehicle
Mechanisms J " Management

Bringing NASA Technology Down to Earth technology.nasa.gov




NASA TECHNOLOGY
Resources _’ TRANSFER PROGRAM

Technology Transfer Program Overview - https://technology.nasa.gov/

How to License Technology - https://technology.nasa.gov/license

NASA Patents - https://technology.nasa.gov/patents

Free Software - https://software.nasa.gov/
SBIR/STTR - https://sbir.nasa.gov/
Success Stories - https://spinoff.nasa.gov/

NASA Home and City - https://homeandcity.nasa.gov/
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What is left “undone” in your company/group that you might search
NASA technology for a solution?

N\ 4
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